Turmeric (Curcuma longa) is used as a food ingredient, coloring agent, and traditional medicine. While various medicinal properties of turmeric have long been known, scientific reports on its prevention and alleviation of alcohol hangover are scarce. In this study, we employed an assay system for the preventive effect of a turmeric extract against ethanol-induced hepatocyte injury, a presumed cause of alcohol hangover, and screened for its active compounds. The preventive effect of the turmeric extract and its fractions was assessed using primary hepatocytes isolated from Sprague-Dawley rats. The turmeric extract containing 6 μM curcuminoids showed stronger cytoprotective activity than the purified curcuminoids at 6 μM. The structures of additional active compounds were determined as ar-turmerone and bisacurone by NMR and mass spectrometry. Among curcumin, ar-turmerone, and bisacurone, bisacurone appeared to be most effective and showed preventive effects at concentrations as low as 1 μM.
Introduction
1 was finally isolated from fraction 2-2 by recycling preparative HPLC (LC-9110NEXT; Japan Analytical Industry, Tokyo, Japan)
with an ODS-3 column (250 mm × 20 mm i.d.; GL Sciences) using methanol/water = 9:1. Compound 2 was isolated from fraction 7 by using acetonitrile/water = 1:1 as the mobile phase.
1 H-and 13 Cnuclear magnetic resonance (NMR) spectra were obtained on a JEOL ECA-500 spectrometer (JEOL, Tokyo, Japan) at 500 and 125 MHz, respectively. Mass spectra were obtained on a Fourier transform mass spectrometer (Orbitrap; Thermo Fisher Scientific, Kanagawa, Japan). Data for the analyses of these 2 compounds by mass spectrometry and NMR are as follows: Isolation and culture of primary rat hepatocytes Hepatocytes were isolated from 6-week-old male SD rats (body weight 200 _ 230 g; Charles River Japan, Kanagawa, Japan) by the twostep collagenase perfusion method described by Ichihara et al.
( Ichihara et al., 1980 Figure 2 shows the schedule for sample/ethanol treatment and cell viability assay. because of the variability in individual animals from which the hepatocytes were prepared. Therefore, for each hepatocyte preparation, we ran assays using various ethanol concentrations ranging from 1.5 to 3.0% (vol/vol) and selected a concentration at which the average viability of cells exposed to ethanol without sample treatment was closest to 50% and used the results from that particular concentration. Further, to minimize variability and to more clearly show sample effects, we normalized the results within each assay by the difference between the average viability of cells unexposed to ethanol (100%) and that of cells exposed to ethanol without sample treatment, and expressed the sample effects in cytoprotective activity as defined by the following equation.
Sample treatment and cell viability assay
V is the cell viability determined in each well with or without prior sample treatment, V 0 is the averaged viability of cells exposed to ethanol without sample treatment. Assays for isolation of active compounds were repeated twice. All other assays were repeated at least three times. In all cases, the assay results were reproducible.
Statistical analysis Data values were expressed as mean ± SD.
Data were analyzed by Dunnett's one-sided test or Tukey-Kramer's test. Statistically significant differences were indicated with * (P < 0.05) and ** (P < 0.01).
Results and Discussion
Hepatocytoprotective As shown in Fig. 3 , the cytoprotective activity of 50 μg/mL turmeric extract powder, which is equivalent to a curcuminoid concentration of 6 μM, was stronger than that of the 6 μM purified curcuminoid solution. Since this result suggested that some cytoprotective components other than curcuminoids are present in Hepatocyte cells were treated with 6 μM curcuminoids or 50 μg/mL turmeric extract (concentration of curcuminoids is 6 μM) for 16 h, and then exposed to 3.0% ethanol for 24h. Cell viability was determined by the resazurin assay. Cytoprotective activity against ethanol-induced hepatocyte injury is calculated as follows.
where V is the cell viability determined in each well with or without prior sample treatment, V 0 is the averaged viability of cells exposed to ethanol without sample treatment.
Values are expressed as mean ± SD (n = 4). Data are analyzed by Tukey-Kramer's test. Statistically significant differences were indicated with * (P < 0.05) and ** (P < 0.01).
the turmeric extract, we screened for the active compounds from
Isolation of active compounds As shown in Fig. 1 , the turmeric extract powder was first extracted with methanol, and the extract was separated into 10 fractions. Fractions 1 to 5 were more hydrophobic, and fractions 6 to 10 were more hydrophilic than the curcuminoids. Based on the assay results of hydrophobic fractions, active fraction 2 was further fractionated to obtain fractions 2-1 to 2-5, and compound 1 was finally isolated from active fraction 2-2 with a calculated yield of 3.2 mg/10 g turmeric extract. Based on the assay results of hydrophilic fractions, compound 2 was isolated from active fraction 7 with a calculated yield of 8.8 mg/10 g.
Fraction 2-4 was also active, and two compounds were isolated from this fraction; however, the amounts isolated were so small that they were not used for further analysis.
Structural elucidation
The structures of the isolated compounds were determined on the basis of mass spectrometry data and 1 H-and 13 C-NMR data. Comparison of these NMR data with those in the literature revealed that compounds 1 and 2 were ar-turmerone and bisacurone, respectively (Fig. 4) (Sasaki et al., 2003; Uehara et al., 1989) . The MS data of compounds 1 and 2 were in agreement with the calculated mass of ar-turmerone and bisacurone.
Comparison of activity between curcumin and isolated
compounds Cytoprotective activity of ar-turmerone and bisacurone, both of which were isolated in this study, were compared with that of curcumin (reagent grade) at concentrations of 1 μM and 6 μM. While all three compounds showed comparable preventive effects against ethanol-induced injury at 6 μM, only bisacurone was effective at concentrations as low as 1 μM (Fig. 5) .
Since the cytoprotective activities calculated for all samples were positive, the presence of cytotoxicity was considered unlikely. If a test sample had exerted cytotoxicity, the viability of cells treated with the test sample and exposed to ethanol would have been lower than that of the cells exposed to ethanol without sample treatment, and yielded a negative value in the calculation of cytoprotective activity.
Concluding remarks
In the present study, we isolated arturmerone and bisacurone from the active fractions of a turmeric extract powder. These compounds are bisabolane-type sesquiterpenes. ar-Turmerone is the major component of turmeric essential oil and has been reported to possess many biological activities, as observed with curcuminoids. Bisacurone, a rare compound occurring in minute amounts in turmeric, was isolated from Curcuma xanthorrhiza in 1989 for the first time (Uehara et al., 1989) . Its anti-inflammatory activity was reported, but other biological activities have been hardly demonstrated (Chai et al., 2008) . Industrial production of turmeric extract commonly employs organic solvents to achieve a high yield of curcuminoids and essential oil constituents. Since the turmeric extract used in this study was obtained by hot water extraction, the extract could have contained more hydrophilic bisacurone at higher concentrations.
Bisacurone showed a preventive effect against ethanol-induced hepatocyte injury at a lower concentration than curcumin or arturmerone. It was suggested that there were more active compounds in turmeric in addition to curcuminoids, ar-turmerone, and bisacurone, which contributed to the preventive effect against ethanol-induced hepatocyte injury. To assess the contribution of each compound to the net cytoprotective activity of turmeric Cells were treated with curcumin reagent, purified ar-turmerone, or purified bisacurone at two concentration (1 μM and 6 μM) for 16 h, and then exposed to 1.5% ethanol for 24h. Cell viability was determined by the resazurin assay. Cytoprotective activity against ethanol-induced hepatocyte injury is calculated as in Fig. 3 . Values are expressed as mean SD (n = 5). Data are analyzed by Dunnett test with the alternate hypothesis; μ sample > μ control . Statistically significant differences from no test-sample controls were indicated with * (P < 0.05) and ** (P < 0.01.) extract, reconstitution experiments will be required.
The fact that the turmeric extract showed preventive effects against ethanol-induced injury in primary cells, but not in hepatoma cell lines such as HepG2, suggested that the cytoprotective mechanism of these compounds could involve functions retained by the primary cells, but not by the hepatoma cell lines. We are currently investigating the mechanism using DNA microarray analysis.
It is known that alcohol hangover is related to a deterioration of job performance, and an increased health risk (Wiese et al., 2000) .
The cure for hangover therefore is of societal concern. Hangover symptoms have been attributed to several causes, including the direct effects of alcohol, and the effects of compounds produced as a result of alcohol metabolism, especially acetaldehyde (Swift and Davidson, 1998) . Therefore, the maintenance of liver function should play a role in recovery from hangover.
In this paper, we showed that pretreatment of hepatocytes with turmeric extract before exposure to ethanol had a preventive effect against cell injury, and in addition to curcuminoids, we isolated arturmerone and bisacurone as active compounds from the fractions of turmeric extract powder. Our results suggest that it is not a single component but a variety of components in turmeric that are involved in the prevention of alcohol hangover. As both hydrophobic and hydrophilic components showed preventive activity, extraction methods likely play an important role in the preparation of effective turmeric extracts.
